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ABSTRACT 

Simultaneous measurements of electron-excited emissions 

and HP emission during three pulsating auroras (5-15 second 

period) showed no detectable HP pulsations. An upper limit for 

any HP modulation is about 1/8 the percentage modulation of the 
electron-excited emission. If this result is true in general, 

it limits possible pulsation mechanisms to those involving 

plasma instabilities. A single observation of a pulsating 

aurora with a 50-200 second period is also reported: both HB 

and electron-excited A5577 01 were modulated to the same extent. 

It is believed a different mechanism was responsible, possibly 

loss-cone modulation by hydromagnetic waves near the equatorial 

plane. 



I. INTRODUCTION 

I t  h a s  been  known f o r  some t i m e  t h a t  "quiet-form' '  a u r o r a s  

o f t e n  f l u c t u a t e  or p u l s a t e  i n  b r i g h t n e s s .  The p u l s a t i o n s  a r e  

q u a s i - p e r i o d i c ,  and p u l s e  d u r a t i o n s  and s e p a r a t i o n s  r a n g e  f r o m  

about  0.05 seconds  t o  t e n s  of seconds ,  and sometimes minutes .  

The p u l s a t i o n s  u s u a l l y  c o n s i s t s  of o n l y  a 1-20% modula t ion  of 

t h e  t o t a l  b r i g h t n e s s  ( t y p i c a l l y  less t h a n  3 kR fo r  t h e s e  q u i e t -  

form a u r o r a s )  and r a r e l y  exceeds 50% of t h e  t o t a l  b r i g h t n e s s .  

There  seems t o  be an o c c u r r e n c e  maxima of p u l s a t i n g  a u r o r a s  

a long  t h e  l o w e r - l a t i t u d e  side of t h e  a u r o r a l  zone,  and t h e y  

u s u a l l y  o c c u r  i n  t he  morning h o u r s  a f t e r  a u r o r a l  b reakup.  

P u l s a t i o n s  i n  approx ima te ly  t h e  same f r equency  r ange  have 

been  observed  i n  t h e  geomagnet ic  f i e l d  and a r e  a r e g u l a r  f e a t u r e  

of  a u r o r a l  x - rays .  V a r i o u s  degrees of cor respondence  have  been  

r e p o r t e d  between geomagnet ic  m i c o r p u l s a t i o n s ,  a u r o r a l  x-ray 

p u l s a t i o n s  and l i g h t  p u l s a t i o n s ,  For a r ev iew of t h e  main 

c h a r a c t e r i s t i c s  of p u l s a t i n g  a u r o r a l  e v e n t s ,  toge ther  w i t h  ap- 

p r o p r i a t e  r e f e r e n c e s ,  t h e  r e a d e r  i s  referred t o  a r e c e n t  a r t i c l e  

by Shepherd (1967) .  

The c a u s e  of a u r o r a l  p u l s a t i o n s  i s  n o t  known, and t h e s e  

p u l s a t i o n s  may r e p r e s e n t  f l u c t u a t i o n s  i n  t h e  p a r t i c l e  s o u r c e ,  

i n  magnetospher ic  c o n d i t i o n s  a l o n g  t h e  p a r t i c l e  p a t h ,  or  i n  

i o n o s p h e r i c  c o n d i t i o n s  a t  t h e  p a r t i c l e  " s i n k " .  I t  shou ld  be 

emphasized t h a t  w e  a r e  d i s c u s s i n g  p u l s a t i o n s  i n  quie t - form a u r o r a s  

( t y p i c a l l y  d i f f u s e  a r c s  or p a t c h e s  w i t h  g r e e n  l i n e  i n t e n s i t i e s  of 
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perhaps a few kilo rayleighs) as distinct from bright, active 

forms where rapid appearances and disappearances of rays may 

give rise to the pulsations with frequencies of 10-20 cycles/sec 

(Paulson and Shepherd, 1966a) ; 

-1 

The only direct (rocket) measurements of relevance (Evans, 

1967, Mozer, 1967; Winiecki et. al., 1967) have detected pulsat- 

ing electron fluxes in the 10-20 cycle sec frequency range. 

On the other hand, rockets are rarely fired into the weak, diffuse 

type of auroral arc or patch in which the quiet-form pulsations 

occur. 

-1 

It is clear that a study of the behavior of auroral hydrogen 

emission during these pulsation events should give important 

additional information that must be compatible with any theory 

that attempts to explain pulsations. The best way to attack the 

problem would be to measure simultaneously the light (possibly, 

though not necessarily, excited mainly by low-energy electrons), 

x-rays (generated by higher-energy electrons) and hydrogen emission 

(excited by protons); though rocket measurements of proton and 

electron fluxes over a wide energy and pitch-angle range during 

pulsation events would perhaps be a more definitive experiment. 

Section 2 of this paper will critically review previous measure- 

ments interpreted as pulsating HB emission, and show the pulsa- 

tions observed at the wavelength of HB could have been due to 

auroral contamination. Section 3 will present new measurements- 

showing no measureable fluctuations in the HP emission in pulsat- 

ing auroras recorded in the 5-15 sec period range. This result 

allows the rejection of a number of suggested modulation mechanisms. 
In Section 4 it is concluded that the only mechanisms that are 
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n o t  a t  v a r i a n c e  w i t h  t h e  e x p e r i m e n t a l  d a t a  a r e  t h o s e  i n v o l v i n g  

i n s t a b i l i t i e s .  

2. P r e v i o u s  Measurements 

The f i r s t  measurements a t  HB wavelength  d u r i n g  a u r o r a l  

p u l s a t i o n s  w e r e  r e p o r t e d  by Dzhordzhio (1962) and h e  found good 

c o r r e l a t i o n  between A3914 N p u l s a t i o n s  and p u l s a t i o n s  a t  t h e  

wavelength  of HB ( p e r i o d s  -10 secs) .  However, Dzhordzhio used  

a 10014 f i l t e r  t o  t r y  t o  i s o l a t e  HB, and h e  conc ludes  t h a t  HP 

o n l y  formed a s m a l l  p a r t  of t h e  t o t a l  s i g n a l  t h rough  t h e  f i l t e r ,  

t h e  main c o n t r i b u t i o n  b e i n g  n igh t - sky  background and " a u r o r a l  

continuum". The a u r o r a l  continuum r e f e r r e d  t o  presumably compr ises  

weak band sys tems i n  t h e  r e g i o n ,  p r o b a b l y  t h e  Vegard-Kaplan N system. 
2 

(Note however t h a t  t h e  Vegard Kapl-an system h a s  a l i f e - t i m e  of 

abou t  10  seconds ,  which shou ld  l e a d  t o  a smoothing o u t  and a t t e n u a -  

t i o n  i n c r e a s i n g  a t  h i g h e r  p u l s a t i o n  f r e q u e n c i e s . )  Dzhordzhio 
+ c l e a r l y  s t a t e s  t h a t  t h e  good c o r r e l a t i o n  h e  obse rved  between 13914 N3 

3. 

2 

0 

0 + &  
2 

and a l O O A  band c e n t e r e d  on HB was a r e l a t i o n s h i p  between 13914 N 

and t h i s  a u r o r a l  continuum; h e  does  n o t  c l a i m  a c o r r e l a t i o n  w i t h  

HB . 
The o n l y  o t h e r  a t t e m p t  t o  measure H? p u l s a t i o n s  h a s  been  by 

Paulson  and Shepherd (1966b) ,  and t h e y  r e p o r t e d  an e x c e l l e n t  
+ 

cor re spondence  between X3914 N and Hi3 when t h e  l a t t e r  was detected. 2 
Paulson  and Shepherd f e l t  t h a t  t h e y  w e r e  i ndeed  measur ing  HB 

r a d i a t i o n ,  b u t  conceded t h a t  con tamina t ion  from some o t h e r  h i g h l y  

v a r i a b l e  f e a t u r e  of  t h e  a u r o r a l  spec t rum c o u l d  be t h e  cause  of t h e i r  
0 

486114 s i g n a l .  [They no ted  t h a t  t h e r e  was some s u g g e s t i o n  of  a t i m e  

l a g  between t h e  3914 N2 emiss ion  and t h e  H? sLgnal .  

c o n s i s t e n t  w i t h  con tamina t ion  from t h e  Vegard-Kaplan bands ,  a s  t h e y  

3- T h i s  would be 

have  a l i f e t i m e  of  some 10  seconds .  (Any t i m e  l a g  would be a f u n c t i o n  
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of t h i s  l i f e t i m e  and of t h e  shape  of t h e  e x c i t a t i o n  f u n c t i o n , ) ]  

E a t h e r  (1967a) h a s  i n v e s t i g a t e d  t h e  problem of con tamina t ion  

of HP measurements by r e c o r d i n g  t h e  con tamina t ion  from v i s u a l  

a u r o r a  a t  t h r e e  s e p a r a t e  wavelengths  (HP-20a ,  H P ,  HP I- 20a) u s i n g  

108 bandwidth f i l t e r s .  The con tamina t ion  was rough ly  t h e  same i n  

a l l  c h a n n e l s .  The p o s s i b i l i t y  of f i n i t e  t r a n s m i s s i o n  a t  o t h e r  

a u r o r a l  wave leng ths  was checked by  p l a c i n g  t w o  f i l t e r s  c e n t e r e d  on 

HP (bandwidths  2.Oa and 408) i n  series; t h e  con tamina t ion  was about  

t h e  same a s  b e f o r e .  ( F i l t e r  t r a n s m i s s i o n  o u t s i d e  t h e  passband i s  

normal ly  < O.Ol%, so two f i l t e r s  i n  series shou ld  r e d u c e  any 

t r a n s m i s s i o n  o u t s i d e  t h e  passband by a f a c t o r  of  -10 ) E a t h e r  

concluded t h a t  some u n r e s o l v e d  a u r o r a l  f e a t u r e  nea r  H P ,  p robab ly  

t h e  Vegard Kaplan (2-15) sys t em,  was r e s p o n s i b l e  f o r  t h e  con- 

t a m i n a t i o n .  H e  s t a t e s  t h e  con tamina t ion  a s s o c i a t e d  w i t h  1 kR 

of  13914 N emis s ion  i s  about  0.2 R/A, ( r e s u l t i n g  i n  an a p p a r e n t  

i n c r e a s e  i n  HP of abou t  8 R i f  a 408 f i l t e r  i s  b e i n g  used  t o  i s o l a t e  

H P )  and stresses t h e  p o i n t  t h a t  s imul t aneous  background measurements 

must be made t o  o b t a i n  meaningfu l  HP r e s u l t s .  

4 

I- 0 

2 .  

I- 
15577 01 

2 '  
Examinat ion of an example of s i m u l t a n e o u s  13914 N 

and HP p u l s a t i o n s  p u b l i s h e d  by  Paulson  and Shepherd (1966b- the i r  

F i g u r e  13) shows t h a t  t h e  HP modula t ion  obse rved  was about  12% of 

t h e  t o t a l  s i g n a l .  There  a r e  no a b s o l u t e  c a l i b r a t i o n s  on t h e  p u b l i s h e d  

example,  b u t  it is s t a t e d  e l sewhere  i n  t h e  p a p e r  t h a t  t y p i c a l  modula- 

t i o n  a m p l i t u d e s  a t  15577 w e r e  1 kR. I f  w e  assume an a s s o c i a t e d  

A3914 N2 modu la t ion  of 0.5-1 kR, t h e  expec ted  c o n t a m i n a t i o n  

a c c o r d i n g  t o  E a t h e r  (1967a)  would be about  4-8 R.  I f  t h i s  i s  

12% of t h e  t o t a l  s i g n a l ,  t h i s  t o t a l  would be about  35-70 R ,  

4- 



P o s s i b l y  15 R of t h i s  c a n  be a t t r i b u t e d  t o  n i g h t  sky con- 

t inuum (0.35 R/X i n  t h i s  r e g i o n ,  E a t h e r  (196733)). 

maining 20-55 R i s  c e r t a i n l y  n o t  un reasonab le  f o r  a u r o r a l  

HP i n t e n s i t i e s ,  which t y p i c a l l y  ave rage  40-100 R n e a r  t h e  

maximum of  hydrogen a r c s  ( E a t h e r ,  196733). I t  i s  t h u s  

possible t h a t  Paulson  and Shepherd may have been  measur ing  

con tamina t ion  r a t h e r  t h a n  Hi3 p u l s a t i o n s .  

The re- 

3 .  Exper imen ta l  

The t i l t i n g - f i l t e r  photometer  d e s c r i b e d  i n  t h e  pre- 

c e d i n g  p a p e r  ( E a t h e r ,  1967c)  was used  t o  make t h e s e  measure- 

ments.  The HP f i l t e r  used  had a peak  t r a n s m i s s i o n  of  52% 

a t  4 8 6 4 A ,  and a h a l f - t r a n s m i s s i o n  bandwidth of 2 . O A .  All 

measurements t o  be reported i n  t h i s  p a p e r  w e r e  corrected 

f o r  a tmosphe r i c  e x t i n c t i o n  and s c a t t e r i n g ,  and f o r  t h e  

van R h i j n  e f f e c t ,  a s  o u t l i n e d  by  E a t h e r  (1967b) .  

0 0 
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Only f o u r  examples o f  p u l s a t i n g  a u r o r a  w e r e  detected 

d u r i n g  a b o u t  t h r e e  weeks of o b s e r v a t i o n s  a t  Fo r t  C h u r c h i l l ,  

Manitoba (L = 8 . 6 )  i n  November 1966,  Februa ry  and March 

1967. Such l o w  i n c i d e n c e  of  p u l s a t i n g  a u r o r a s  a t  t h e s e  

h i g h  l a t i t u d e s  was n o t  unexpec ted ;  t h e  measurements w e r e  

made from C h u r c h i l l  s imply  b e c a u s e  t h e  equipment  was l o c a t e d  

t h e r e  f o r  s u p p o r t  of v a r i o u s  r o c k e t  expe r imen t s .  

(a )  15  November 1966. T h i s  e v e n t  o c c u r r e d  n e a r  0200 L.T. 

and was l o c a t e d  s o u t h  of  C h u r c h i l l  ( t h e  measurements w e r e  made 

a t  an e l e v a t i o n  a n g l e  of 40 t o  t h e  s o u t h ) .  A m e r i d i n a l  s c a n  

j u s t  before t h e  e v e n t  ( F i g u r e  1) shows t h e  l o c a t i o n s  o f  t h e  hydrogen 

emiss ion  zone ,  and s u b v i s u a l  a u r o r a l  a r c s  t h a t  w e r e  p r e s e n t  a t  

t h e  t i m e .  S imul taneous  HP, 14709 N2 and 15577 01 measurements 

a r e  shown i n  F i g u r e  2.  Mean 14709 N and h5577 01 i n t e n s i t i e s  

w e r e  35 R and 730 R r e s p e c t i v e l y ,  w h i l e  the HB i n t e n s i t y  was 

15 R .  The Hf3 i n t e n s i t y  i s  p r o p o r t i o n a l  t o  t h e  modula t ion  of t h e  HB 

record (see E a t h e r  and J a c k a ,  1966; E a t h e r ,  1967c)  and so  on ly  

one measurement of t h e  HB i n t e n s i t y  i s  o b t a i n e d ' e v e r y  15 seconds .  

I t  may be s e e n  from F i g u r e  2 t h a t  t h e  background measurement n e a r  

0 

4- 

+ 
2 

HB ( t h e  bottom of t h e  HB modula t ion  r e c o r d )  i s  c o n s t a n t  t h roughou t  

t h e  e v e n t ;  t h e  r e c o r d  i t s e l f .  i s  r a t h e r  n o i s y ,  and e s t i m a t e s  of t h e  

modula t ion  d e p t h  a t  e a c h  peak  have been marked between t h e  HB and 
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+ 
2 

14709 N r e c o r d s .  It may be s e e n  t h a t  t h e  t h e  H@ i n t e n s i t y  

c e r t a i n l y  d o e s  n o t  fol low t h e  p u l s a t i o n s  i n  15577 O I ' a n d  
-I 

14709 Ni . 
L e t  u s  c o n s i d e r  t h e  a b s o l u t e  i n t e n s i t i e s  i nvo lved  more 

c l o s e l y .  E a t h e r  (196773) h a s  measured t h e  r a t i o s  15577 OI/H@ 

and A4709 N /HP i n  what h e  c o n s i d e r s  t o  be p u r e  proton a u r o r a s .  

Using t h e s e  r e s u l t s ,  w e  c a l c u l a t e  a 15577 01 i n t e n s i t y  of  360-565 R 

for t h e  sum of t h e  a i r g l o w  continuum, and proton e x c i t e d  c o n t r i b u -  

t i o n s .  T h i s  implies t h a t  t h e  remain ing  165-270 R of t h e  measured 

15577 01 s i g n a l  was e l e c t r o n  e x c i t e d ,  Now t h e  modula t ion  ampl i tude  

I- 
2 

v a r i e s  from about  100-300 R d u r i n g  t h e  e v e n t ,  and a v e r a g e s  around 

200 R; it t h u s  a p p e a r s  t h a t  t h e  p u l s a t i n g  15577 01 s i g n a l s  i s  

e x c i t e d  e n t i r e l y  by  e l e c t r o n s ,  and t h a t  t h e  modula t ion  of t h e  

e l e c t r o n  f l u x  i n  t h e  l a r g e r  p u l s a t i o n s  approaches  lOO%, W e  can  

check t h i s  h y p o t h e s i s  by  c o n s i d e r i n g  t h e  X4709 N s i g n a l :  

E a t h e r ' s  (1967b) measurements show t h a t  t h e  r a t i o  14709/HP i n  p ro -  

t o n  a u r o r a s  i s  abou t  1 .0 ,  and s o  p r e d i c t  a p r o t o n - e x c i t e d  component 

of t h e  A4709 N emis s ion  o€ 1 5  R f o r  t h i s  e v e n t .  The n i g h t  sky 

background i n  t h i s  r e g i o n  i s  about  0.35 R/E ( E a t h e r ,  196i'b) and so 

w i l l  g i v e  a t o t a l  background t h r o u g h  t h e  388 f i l t e r  used  of abou t  

13 R. T h i s  l e a v e s  8 R of 14709 N e m i s s i o c  t h a t  i s  a t t r i b u t e d  t o  

e l e c t r o n  e x c i t a t i o n ,  The expec ted  3914 N2 i n t e n s i t y  would be t h e n  

about  140 R i .e.  a 13914 N /A5577 01 r a t i o  f o r  e l e c t r o n  e x c i t a t i o n  

of 0.5-Oo8, which seems q u i t e  r e a s o n a b l e  ( S t o l a r s k i  and Green,  1967) .  

I- 
2 

I- 
2 

/ 

+ 
2 + 

+ 
2 

W e  conc lude  t h a t  t h i s  p u l s a t i o n  e v e n t  was e x c i t e d  e n t i r e l y  by 

a modulated e l e c t r o n  f l u x ,  and t h a t  t h i s  modula t ion  a t  t i m e s  approached 

100%. The r e s u l t a n t  l i g h t  e m i s s i o n s  w e r e  superimposed upon un- 

modula ted ,  p r o t o n - e x c i t e d  e m i s s i o n s  and t h e  normal n ight -sky  and 

a i r g l o w  background.  ( W e  n o t e  t h e  e x p e c t e d  con tamina t ion  from t h e  
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e l e c t r o n - e x c i t e d  Vegard-Kaplan bands  n e a r  HP. would be a b o u t  

.03R/g ( E a t h e r ,  1967a). T h i s  s h o u l d  have  g i v e n  a 3% modula t ion  

of t h e  HB s i g n a l ,  which would have been  d i f f i c u l t  t o  detect be- 

c a u s e  of t h e  n o i s y  HP record.) / 

From t h e  a n a l y s i s  of t h i s  e v e n t ,  and c o n s i d e r i n g  t h e  p r o b a b l e  

e r r o r s  (because  of t h e  s i g n a l  n o i s e )  i n  measurement of  HP i n t e n s i t y ,  

it a p p e a r s  t h a t  - 100% modula t ion  i n  t h e  e l e c t r o n  f l u x  was accompanied 

by  no more t h a n  abou t  a 10% modula t ion  o f  t h e  p r o t o n  f l u x .  

(b)  17 Februa ry  1967: T h i s  e v e n t  o c c u r r e d  n e a r  0300 L.T. 

and t h e  p u l s a t i n g  r e g i o n  was l o c a t e d  s o u t h  of  C h u r c h i l l  a t  a e l e v a -  

t i o n  of 15 Simul taneous  HP and 13914 N i n t e n s i t i e s  w e r e  13 R O + 
2 .  

and 1520 r e s p e c t i v e l y .  The expected 13914 Nf i n t e n s i t y  e x c i t e d  
2 

by  t h e  p r o t o n s  t h a t  p roduce  the  13 R o f  HP i s  on ly  a b o u t  220 R ,  

w h i l e  t h e  t o t a l  n igh t - sky  background t r a n s m i t t e d  by t h e  13914 f i l t e r  

would n o t  exceed 20 R. I t  i s  e v i d e n t  t h e n  t h a t  t h e  l a r g e r  p a r t  

of t h e  13914 N s i g n a l  ( abou t  1280 R )  must have been  e l e c t r o n  

excited. From 0249 LT t o  0252 LT, t h e  2.024 bandwidth HB f i l t e r  

was t i l t i n g  and s o  scanned t h e  HB wavelength  r e g i o n ;  from 0252 LT 

t o  0256 LT t h e  f i l t e r  was stopped on t h e  peak  of t h e  p r o f i l e .  I t  

is  e v i d e n t  from t h i s  l a t t e r  i n t e r v a l  t h a t  p u l s a t i o n s  i n  t h e  13914 N 

i n t e n s i t y  w e r e  accompanied by co r re spond ing  p u l s a t i o n s  i n  t h e  

s i g n a l  t r a n s m i t t e d  by t h e  2.OA H P  f i l t e r  c e n t e r e d  a t  486124, though 

t h e  magnitude of  t h e  p u l s a t i o n s  (less t h a n  10% of t h e  HB s i g n a l )  

w a s - c o n s i d e r a b l y  less t h a n  t h e  p e r c e n t a g e  f l u c t u a t i o n s  i n  t h e  e l e c t r o n  

excited A3914 N (- 40% f o r  t h e  l a r g e r  p u l s a t i o n s ) .  The s e c t i o n  

of r e c o r d  from 0256 t o  0258.30 L.T. h a s  been  a m p l i f i e d  b y  a f a c t o r  

of  f i v e  (and z e r o  o f f s e t ) ,  w h i l e  t h e  s e c t i o n  0258.30 t o  0301 L.T. 

+ 
2 

0 

+ 
2 

0 0 

+ 
\ 2  
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h a s  been a m p l i f i e d  by a f a c t o r  of  t w o  (and z e r o  o f f s e t ) ;  a l t h o u g h  

t h e  HB r e c o r d  i n  each  c a s e  i s  r a t h e r  n o i s y ,  it i s  e v i d e n t  t h a t  

f l u c t u a t i o n s  i n  13914 N2 a r e  fo l lowed  by  t h e  HB s i g n a l ,  b u t  w i t h  

d e c r e a s e d  p e r c e n t a g e  ampl i tude ,  The rest of  t h e  r e c o r d  e x t e n d i n g  

up u n t i l  abou t  0310 L.T. shows a s i m i l a r  b e h a v i o r .  

+ 

The i m p o r t a n t  q u e s t i o n  i s :  do  t h e s e  f l u c t u a t i o n s  a t  48612 

r e p r e s e n t  genu ine  a u r o r a l  HB f l u c t u a t i o n s ,  or a r e  t h e y  a r e s u l t  of 

con tamina t ion?  The r e c o r d  between 0251 and 0252 LT p r o v i d e s  

an i m p o r t a n t  c l u e ,  a t  0251.20, a f a i r l y  l a r g e  13914 N p u l s a t i o n  

i s  fo l lowed  by t h e  HB c h a n n e l ,  and a t  t h i s  t i m e  t h e  t i l t i n g  f i l t e r  

was c e n t e r e d  nea r  t h e  peak  of t h e  p r o f i l e ;  a t  0251.35 a s i m i l a r  

X3914 N p u l s a t i o n  i s  a g a i n  c l e a r l y  fo l lowed  by t h e  HB c h a n n e l ,  b u t  

a t  t h i s  t i m e  t h e  t i l t i n g  f i l t e r  was c e n t e r e d  a t  t h e  edge of  t h e  

p r o f i l e ,  and s o  was e s s e n t i a l l y  measuring t h e  background.  ( N o t e  

t h a t  t h e s e  measurements a t  an  e l e v a t i o n  a n g l e  of  15 a r e  e s s e n t i a l l y  

of  t h e  magnet ic -hor izon  HP p r o f i l e ,  and so  t h e  scann ing  r a n g e  

4864-48408 i s  s u f f i c i e n t  t o  s c a n  t h e  complete  low-wavelength s i d e  

of t h e  p r o f i l e . )  

+ 
2 

+ 
2 

0 

It  is concluded  t h a t  i ndeed  t h e  r e c o r d e d  p u l s a t i o n s  a t  t h e  

HB wavelength  w e r e  background f l u c t u a t i o n s .  T h i s  may be conf i rmed 

by c a l c u l a t i n g  t h e  e x p e c t e d  con tamina t ion  u s i n g  ( E a t h e r ' s  (1967a ,b)  

r e s u l t s ;  t h e  ampl i tude  of t h e  l a r g e r  13914 N p u l s a t i o n s  n e a r  t h e  

b e g i n n i n g  of F i g u r e  3 i s  abou t  500 R,  The expected con tamina t ion  

i s  about  .1 R/X which compares w i t h  t h e  measured modula t ion  ampl i tude  

+ 
2 

a t  HB of 0.12 R/K 
c) 1 1 t h  March, 1967: T h i s  e v e n t  o c c u r r e d  n e a r  0315 L.T.and 

t h e  p u l s a t i n g  r e g i o n  was l o c a t e d  s o u t h  of C h u r c h i l l  a t  an e l e v a t i o n  

of 15O. S imul taneous  measurements of A3914 N , 488124, (102 f i l t e r ) ,  
-I- 

2 
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0 
4861A ( l o a  f i l t e r )  and 4864 ( 2 . 0  A f i l t e r )  a r e  shown i n  F i g u r e  

4 ( n o t e  t h a t  t h e  HB f i l ters  w e r e  n o t  t i l t i n g ,  except f o r  one  

c y c l e  a t  0320 L.T.; t h e  4881w f i l t e r  scanned down th rough  t h e  

a u r o r a l  HB peak ,  and t h e n  s l i g h t l y  t o  t h e  low-wavelength s i d e  of  

t h e  p r o f i l e :  t h e  t w o  f i l t e r s  c e n t e r e d  n e a r  HB scanned down t h e  l o w -  

wavelength  s i d e  of  t h e  p rof i le . )  Average HB and A3914 N i n -  

t e n s i t i e s  w e r e  1 2  R and 640 kR r e s p e c t i v e l y ,  The expec ted  p r o t o n  

e x c i t e d  h3914 N i s  o n l y  200 R ,  so  a g a i n  most of  t h e  A3914 N 

(-420 R )  must have been  e l e c t r o n  e x c i t e d ,  C l o s e  examina t ion  o f  

t h e  records shows t h a t  A3914 N p u l s a t i o n s  a r e  fo l lowed  by b o t h  

HB c h a n n e l s  and a l s o  by  t h e  HB + 2 0 A  c h a n n e l ,  b u t  w i t h  d e c r e a s e d  

p e r c e n t a g e  modula t ion .  T h i s  example,  t o g e t h e r  w i t h  t h e  p r e v i o u s  

example,  c l e a r l y  d e m o n s t r a t e s  t h a t  t h e r e  i s  an a m o r a l l y - a s s o c i a t e d  

con tamina t ion  r i g h t  t h rough  t h e  4840-48808 r e g i o n .  

b e f o r e ,  t h e  c o n t a m i n a t i o n  i s  p robab ly  weak, un reso lved  Vegard- 

+ 
2 

4- 4- 

2 2 

-I- 

2 o  

A s  ment ioned 

Kaplan bands  e 
4- 

2 
Cons ide r  t h e  l a r g e r  A3914 N a t  0315 U.T.; t h e  modula t ion  

magnitude i s  1 2 5  R (-30% of e lec t ron  e x c i t e d  s i g n a l )  and t h e  

expected c o n t a m i n a t i o n  ( E a t h e r ,  1967a ,b )  i s  abou t  - 0 2 5  R/A, which 

compares w i t h  t h e  measured v a l u e  o f  about  .030 R/A (from 2.0A 

f i l t e r  measurements ) ,  abou t  ,04 R / 8  (from 10A f i l t e r  measurement) 

and abou t  ,045 R / 8  (from 4881 f i l t e r  measurement) .  These v a r y i n g  

measured v a l u e s  p r o b a b l y  i n d i c a t e  t h e  con tamina t ion  is non-uniform 

w i t h  wave leng th ,  though t h e  r e c o r d s  a r e  too  n o i s y  t o  permit any 

d e t a i l e d  i n v e s t i g a t i o n .  

0 

0 0 

0 

It i s  concluded  f r o m  t h e  t h r e e  examples d i s c u s s e d  above t h a t  

t h e r e  i s  v e r y  l i t t l e  ( i f  any)  modula t ion  of t h e  hydrogen emiss ion  

d u r i n g  p u l s a t i n g  a u r o r a s .  An upper  l i m i t  f o r  t h e  p e r c e n t a g e  modula t ion  
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i s  abou t  1 / 8 . t h e  p e r c e n t a g e  modula t ion  of e l e c t r o n - e x c i t e d  

N and 01 e m i s s i o n s ,  
I- 
2 

d )  13 November 1966: T h i s  p u l s a t i o n  e v e n t  had  comple t e ly  

d i f f e r e n t  c h a r a c t e r i s t i c s  t o  t h o s e  d i s c u s s e d  above. It o c c u r r e d  

n o r t h  of C h u r c h i l l  e a r l y  i n  t h e  even ing  (1820-1900 L.T.) and t h e  

period of the p u l s a t i o n s  was of t h e  order o f  1-3 minutes .  Mean 

HB an% X5577 01 i n t e n s i t i e s  w e r e  abou t  38 R and 2.4 kR r e s p e c t i v e l y .  

The sum of t h e  a i r g l o w  and p r o t o n - e x c i t e d  components of t h e  

A5577 01 i n t e n s i t y  s h o u l d  be abou t  500 R ,  imply ing  t h a t  t h e  re- 

maining 1 .85  kR was e l e c t r o n - e x c i t e d .  Because of t h e  long  p u l s a -  

t i o n  p e r i o d s ,  t h e  2.0a t i l t i n g  f i l t e r  was adequa te  f o r  measur ing  

t h e  HB changes ,  and F i g u r e  5 shows a p l o t  o f  t h e  HB and A5577 01 

i n t e n s i t i e s  d u r i n g  t h e  e v e n t .  

P u l s a t i o n s  i n  t h e  X5577 01 i n t e n s i t y  a r e  accompanied by 

a lmost  i d e n t i c a l  p u l s a t i o n s  i n  t h e  HB i n t e n s i t y ,  and t h e  per- 

c e n t a g e  modula t ion  i s  s i m i l a r  f o r  bo th  e m i s s i o n s .  W e  conc lude  

t h a t  b o t h  t h e  p r o t o n  and e l e c t r o n  f l u x e s  w e r e  b e i n g  modulated t o  

t h e  same e x t e n t  d u r i n g  t h i s  e v e n t .  

I n  view of t h e  comple t e ly  d i f f e r e n t  t i m e  of o c c u r r e n c e ,  

p o s i t i o n  of o c c u r r e n c e ,  and p u l s a t i o n s  f r equency  f o r  t h i s  e v e n t  

compared t o  t h e  o t h e r s  d i s c u s s e d  above, t h e r e  was p r o b a b l y  a 

d i f f e r e n t  mechanism i n v o l v e d ,  and so t h i s  e v e n t  i s  n o t  r e g a r d e d  

a s  c o n t r a d i c t i n g  o u r  p r e v i o u s  c o n c l u s i o n  t h a t  hydrogen e m i s s i o n .  

does n o t  p u l s a t e  i n  normal  p u l s a t i n g  a u r o r a s ;  t h a t  i s ,  t h e  t y p e  

t h a t  occu r  towards  lower l a t i t u d e s  i n  t h e  morning h o u r s ,  and have  

p u l s a t i o n  p e r i o d s  o f  t h e  o r d e r  of  10  seconds .  
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These r e s u l t s  shou ld  be r e g a r d e d  a s  p r e l i m i n a r y ,  e s p e c i a l l y  

a s  on ly  f o u r  e v e n t s  have  been  s t u d i e d .  It i s  p lanned  t o  c a r r y  o u t  

f u r t h e r  measurements from a l o w e r - l a t i t u d e  a u r o r a l  s t a t i o n  t h i s  

w i n t e r .  

4, Some Sugges ted  Mechanisms 

The p r e c e d i n g  s e c t i o n  h a s  i l l u s t r a t e d  an i m p o r t a n t  c h a r a c t e r i s t i c  

of p u l s a t i n g  a u r o r a s  i n  t h e  5-15 sec p e r i o d  range:  when t h e r e  

i s  s imul t aneous  p r o t o n  and e l e c t r o n  p r e c i p i t a t i o n ,  p u l s a t i o n s  

a r e  c o n f i n e d  t o  t h e  e l e c t r o n  f l u x  and t h e r e  a r e  no p u l s a t i o n s  

(or a t  l e a s t  ve ry  g r e a t l y  reduced  p u l s a t i o n s )  i n  t h e  p r o t o n  f l u x .  

A l s o ,  t h e r e  have been  c o n s i d e r a b l e  p h o t o m e t r i c  s t u d i e s  of  t h e  

hydrogen emiss ion  i n  t h e  l a s t  L O  y e a r s  (see rev iew by E a t h e r ,  1967a) 

and f a c t  v a r i a t i o n s  i n  t h e  hydrogen i n t e n s i t y  have never  been  

r e p o r t e d .  S i m i l a r l y ,  r o c k e t  measurements have n o t  shown any r a p i d  

v a r i a t i o n s  i n  p r o t o n  f l u x ,  though r a p i d  e l e c t r o n  f l u x  v a r i a t i o n s  

a r e  common (Mozer, 1967) .  W e  t h u s  fee l  t h e r e  i s  sound b a s i s  f o r  

making t h e  g e n e r a l i z a t i o n  t h a t  t h e  p r o t o n  f l u x  i n  p u l s a t i n g  

a u r o r a s  t h r o u g h o u t  t h e  .05-20 second p e r i o d  r a n g e  is r a r e l y ,  i f  

e v e r ,  modulated a p p r e c i a b l y .  

T h i s  s e c t i o n  w i l l  b r i e f l y  r ev iew s u g g e s t e d  mechanisms f o r  

p u l s a t i n g  a u r o r a s  i n  l i g h t  of t h i s  new i n f o r m a t i o n .  

a )  M i r r o r i n g  'hvDothes is :  M i r r o r i n g  of  charged  p a r t i c l e  bunches 

i n  t h e  geomagnet ic  f i e l d  h a s  been  c o n s i d e r e d  a s  a p o s s i b l e  ex- 

p l a n a t i o n  of  p u l s a t i n g  a u r o r a s  b u t  has  been  rejected on a number 

of grounds  (Pau l son ,  1963; Johnanson and Omholt, 1966; Pau l son  and 
b // Shepherd,  1966) .  F i r s t ,  t h e  l a r g e  and random v a r i a t i o n s  i n  t i m e  

I 

between s u c c e s s i v e  p u l s e s  does  n o t  s u p p o r t  t h e  t h e o r y ;  t h e  mechanism 
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a l s o  r e q u i r e s  a lmos t  monoenerge t ic  e l e c t r o n s ,  and a process 

t h a t  s c a t t e r s  an a lmos t  c o n s t a n t  number o f  t r a p p e d  e l e c t r o n s  i n t o  

t h e  l o s s  cone  a t  t h e  a p p r o p r i a t e  t i m e  d u r i n g  e a c h  p a s s  between 

mirror p o i n t s ;  a l s o ,  t y p i c a l  m i r r o r i n g  p e r i o d s  f o r  e l e c t r o n s  w i t h  

a u r o r a l  e n e r g i e s  a r e  too s h o r t  t o  e x p l a i n  t h e  longe r -pe r iod  p u l s a -  

t i o n s ,  and too long  t o  e x p l a i n  t h e  h igh- f requency  p u l s a t i o n s ;  

f i n a l l y  s t u d i e s  of d r i f t s  of  p u l s a t i n g  r e g i o n s  l e n d s  no s u p p o r t  t o  

t h e  m i r r o r i n g  h y p o t h e s i s  (Paulson  and Shepherd,  1966b;Cresswell  

and Dav i s ,  1 9 6 6 ) .  

I f  t h e  hydrogen e m i s s i o n  d i d  p u l s a t e  w i t h  t y p i c a l  p e r i o d s  

of  t h e  o r d e r  of 10 seconds ,  t h e  m i r r o r i n g  h y p o t h e s i s  would r e q u i r e  

a lmos t  monoenerge t ic  2 MeV p r o t o n s  [ t h e  m i r r o r i n g  p e r i o d  of  a 

2 MeV p r o t o n  a t  z e r o  p i t c h  a n g l e  on t h e  L = 6 s h e l l  i s  abou t  10 .6  

sec (E-Iamlin e t .  a1 . , 1961] .  T h i s  i s  a much h i g h e r  energy  t h a n  

normal ly  a t t r i b u t e d  t o  a u r o r a l  p r o t o n s .  The long  p u l s a t i o n  

p e r i o d s  a s s o c i a t e d  w i t h  t h e  e v e n t  of 13 November would co r re spond  

t o  more a c c e p t a b l e  e n e r g i e s  (- 10  k e V ) , . b u t  t h e  q u a s i - p e r i o d i c  

n a t u r e  of t h e  p u l s a t i o n s ,  and c o r r e l a t i o n  w i t h  e l e c t r o n  produced  

e m i s s i o n ,  p r e c l u d e s  t h e  m i r r o r i n g  h y p o t h e s i s  a s  a possible exp lana -  

t i o n .  

(b) I n s t a b i l i t i e s :  (i) Chamberlain (1963) h a s  s u g g e s t e d  t h a t  

a Kra l l -Rosenb lu th  plasma i n s t a b i l i t y  may be g e n e r a t e d  i n  t h e  

a u r o r a l  s i t u a t i o n ,  and cou ld  cause  a u r o r a l  p u l s a t i o n s .  Chamberlain 

and Pau l son  and Shepherd ( 1 9 6 6 b ) p o i n t  o u t  t h a t  such  a p r o c e s s  

i s  a t t r a c t i v e  a s  t h e  p u l s a t i o n  s p e c t r a  need n o t  r e p r e s e n t  t h e  

m i r r o r i n g  p e r i o d  d i r e c t l y ,  b u t  o n l y  t h e  p e r i o d  of t h e  o v e r a l l  

d i s t u r b a n c e .  One of  t h e  c o n d i t i o n s  for  t h e  growth of t h i s  i n s t a b i l i t y  

is t h a t  t h e  mean i o n  ene rgy  i s  much g r e a t e r  t h a n  t h e  mean e l e c t r o n  

energy;  t h i s  c o n d i t i o n  is n o t  s a t i s f i e d  by  t h e  a u r o r a l  p a r t i c l e s  
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t hemse lves  ( b o t h  p r o t o n  and e l e c t r o n  ene rgy  s p e c t r a  i n  a u r o r a s  

appear  t o  peak  i n  t h e  1-10 keV r a n g e ) ,  b u t  may w e l l  be s a t i s f i e d  

a t  some e a r l i e r  s t a g e  i n  t h e  p a r t i c l e s '  h i s t o r y ,  f o r  example 

i n  t h e  s o l a r  wind, a t  t h e  magnetospher ic  b o u n d a r i e s  o r  i n  t h e  

geomagnet ic  t a i l .  However, f o r  t h i s  mechanism t o  be e f f e c t i v e  

i n  p roduc ing  a u r o r a l  p u l s a t i o n s ,  i t  must be l o c a t e d  a l o n g  c l o s e d  

l i n e s  of  f o r c e  t h a t  c o n n e c t  t o  t h e  a u r o r a l  zones  [and a s  t h e  

mean i o n  ene rgy  must be much g r e a t e r  t h a n  t h e  mean e l e c t r o n  ene rgy  

i n  t h i s  r e g i o n ,  it implies t h a t  t h e  ejected p a r t i c l e s  ( a t  l e a s t  

t h e  p r o t o n s )  must be a c c e l e r a t e d  t o  a u r o r a l  e n e r g i e s  a t  low a l t i t u d e s ] .  

I f  a l l  t h e s e  c o n d i t i o n s  w e r e  s a t i s f i e d  and t h e  i n s t a b i l i t y  d i d  

deve lop ,  t h e  t h e o r y  predicts t h e  e l e c t r o n s  w i l l  c a r r y  t h e  g r e a t e r  

c u r r e n t  and s u p p l y  t h e  b u l k  of t h e  a u r o r a l  e x c i t a t i o n ,  w i t h  a 

s imul t aneous  weaker i o n  bombardment i n  t h e  o p p o s i t e  hemisphere. 

The p r e s e n t  r e s u l t s  showing no d e f i n i t e  Hi3 p u l s a t i o n s  i n  p h a s e  w i t h  

e l e c t r o n - e x c i t e d  p u l s a t i o n s ,  and no t r a c e  of HP p u l s a t i o n s  o u t  of  

p h a s e  w i t h  t h e  e l e c t r o n - e x c i t e d  p u l s a t i o n s ,  show t h a t  t h e  i n -  

s t a b i l i t y  i s  n o t  i m p o r t a n t  i n  p roduc ing  a modula t ion  i n  t h e  pre- 

c i p i t a t i n g  p r o t o n  f l u x .  It may be a s o u r c e  of  e l e c t r o n  f l u x  

modula t ion ,  p r o v i d e d  t h e  c o n d i t i o n s  mentioned above a r e  s a t i s f i e d .  

Another t y p e  of i n s t a b i l i t y  ( a c t u a l l y  an o v e r s t a b i l i t y )  h a s  

been  s u g g e s t e d  by Evans (1967) t o  e x p l a i n  a 10 Hz modula t ion  h e  

obse rved  i n  a u r o r a l  e l e c t r o n s .  The dynamics of  t h i s  o v e r s t a b i l i t y  

have -been  d i s c u s s e d  by S t i x  (1964) and Evans (1967);  a beam of  

n e a r  monoenerge t ic  e l e c t r o n s  may excite a w i d e  r a n g e  of plasma 

o s c i l l a t i o n s  i n  t h e  l o c a l  ( w i t h i n  1000 km o f  t h e  e a r t h )  plasma. 

Some of t h e s e  o s c i l l a t i o n s  grow e x p o n e n t i a l l y  and a c c e l e r a t e  

c e r t a i n  e l e c t r o n s  ( W @ W  ) i n  t h e  beam; t h e s e  a r e  t h e  e l e c t r o n s  

~ t h a t  form t h e  p u l s a t i o n s .  F i n a l l y  t h e  t r a n s f e r  of  energy  from 
C P  
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waves t o  p a r t i c l e s  w i l l  exceed t h e  growth of t h e  wave, and the  

d i s t u r b a n c e  w i l l  be damped. The p u l s a t i o n  f r equency  does n o t  

r e p r e s e n t  t h e  d r i v i n g  wave f r equency ,  b u t  r a t h e r  t h e  growth and 

decay  t i m e  of t h e  d i s t u r b a n c e .  Such an o v e r s t a b i l i t y  w i l l  n o t  

have any measurable  a f f e c c  on p r o t o n s .  

T h i s  mechanism a p p e a r s  t o  be p romis ing ,  and i f  it i s  

t r i g g e r e d  by  d i f f e r e n t  ene rgy  beams a t  d i f f e r e n t  p o s i t i o n s  n e a r  

t h e  e a r t h  (500-1500 km), it may be a b l e  t o  exci te  a r a n g e  of 

per iodic i t ies .  A s  Evans (1967) p o i n t s  o u t ,  t he  q u e s t i o n s  of  what  

wave modes shou ld  be expected i n  t h e  500 - 1500 km r e g i o n  and 

t h e i r  a s s o c i a t e d  growth and decay  r a t e s ,  need t o  be i n v e s t i g a t e d .  

(c)  P r o t o n  f l u c t u a t i o n s :  H i l l i a r d  (1964) sugges t ed  t h a t  t h e  

p u l s a t i o n s  might be caused  by  p r o t o n s ,  w i t h  t h e  background a u r o r a  

caused  by e l e c t r o n s .  The p r e s e n t  r e s u l t s  showing no HP p u l s a t i o n s  

a l l o w s  t h i s  s u g g e s t i o n  t o  be rejected,  u n l e s s  t h e  p r o t o n s  have 

e n e r g i e s  of t h e  order of 1 MeV or  more. I f  t h i s  was t h e  c a s e ,  

t h e y  c o u l d  p e n e t r a t e  t o  90 km and lower, where c o l l i s i o n a l - i o n i z a t i o n  

quenching  of t h e  H ( 4 s )  s t a t e  cou ld  r e s u l t  i n  X3914 N and 15577 01 

e m i s s i o n s  w i t h  n e g l i g i b l e  a s s o c i a t e d  Hi3 e m i s s i o n  ( B a t e s  and Walker,  

+ 
2 

1966) .  However, there a r e  f u r t h e r  o b j e c t i o n s  t o  p r o t o n - e x c i t e d  

p u l s a t i o n s :  a cor respondence  between l i g h t  p u l s a t i o n s  and x-rays 

h a s  been  reported (Rosenberq,  e t .  a l , ,  1967) ,  and p r o t o n s  have 

an ex t r eme ly  l o w  e f f i c i e n c y  f o r  p roduc ing  x-rays.  F i n a l l y ,  no 

r a p i d  v a r i a t i o n s  i n  p r o t o n  f l u x e s  a t  any ene rgy  have been  observed  

b y  rocke t -bo rne  i n s t r u m e n t s ,  whereas  e l e c t r o n  f l u c t u a t i o n s  a r e  

commonly observed .  

(d)  Atmospher ic  d e n s i t y  f l u c t u a t i o n s :  T h i s  s u g g e s t i o n  i s  

r e a d i l y  r e j e c t a b l e  a s  it canno t  e x p l a i n  l a rge -ampl i tude  p u l s a t i o n s ,  
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or x-ray p u l s a t i o n s .  

( e )  I o n o s p h e r i c  processes: S p a t i a l  s t r u c t u r e  i n  t h e  f l u x  

of  p r e c i p i t a t i n g  p a r t i c l e s  w i l l  r e s u l t  i n  s p a t i a l  s t r u c t u r e  i n  

t h e  e l e c t r o n  d e n s i t y  i n  t h e  ionosphe re .  T h i s  c o u l d  r e s u l t  i n  

enhanced i o n o s p h e r i c  c u r r e n t s  i n  t h e s e  r e g i o n s ,  t h e  magne t i c  

effects  of which w i l l  modify t h e  loss cone so a s  t o  d e c r e a s e  t h e  

p r e c i p i t a t i o n  i n  t h a t  a r e a .  C a l c u l a t i o n s  u s i n g  an i n i t i a l  l a t i t u d i n a l -  

dependent  f l u x  w i t h  f i x e d  l a t i t u d e  b o u n d a r i e s  i n d i c a t e  t h a t  

p u l s a t i o n s  w i l l  r e s u l t  (Maehlum, p r i v a t e  communication).  The 

e f f e c t i v e n e s s  of t h i s  process a s  a p u l s a t i o n  mechanism i n c r e a s e s  

fo r  p i t c h - a n g l e  d i s t r i b u t i o n s  peaked  n e a r  90 , and t h e  p u l s a t i o n  

p e r i o d  d e c r e a s e s  w i t h  i n c r e a s i n g  flux. I f  t h e  mechanism w e r e  

i m p o r t a n t ,  i t s  effect  on p r o t o n s  would be d i f f i c u l t  t o  e s t i m a t e  

w i t h o u t  a knowledge of t he  p r o t o n  p i t c h - a n g l e  d i s t r i b u t i o n .  For 

s t r o n g l y  peaked d i s t r i b u t i o n  n e a r  90 , t h e  mechanism shou ld  be 

0 

0 

e q u a l l y  e f f e c t i v e  f o r  p r o t o n s ,  and c o h e r e n t  p u l s a t i o n s  i n  t h e  

hydrogen e m i s s i o n  and e l e c t r o n - e x c i t e d  e m i s s i o n s  would be expected. 

S t r o n g l y  peaked  p i t c h - a n g l e  d i s t r i b u t i o n s  n e a r  90 , coup led  w i t h  

v e r y  h i g h  e l e c t r o n  f l u x e s ,  r e s u l t  i n  p u l s a t i o n  periods of some 

20 seconds  (Maehlum, p r i v a t e  communication).  Thus it does n o t  

seem t h a t  t h i s  mechanism can  e x p l a i n  t y p i c a l  weak, p u l s a t i n g  

a u r o r a s  w i t h  periods of 5 seconds  or  so ,  and c e r t a i n l y  canno t  

0 

account  f o r  h i g h e r  f r equency  p u l s a t i o n s .  

( f )  Solar-wind enercw d e n s i t y  modulat ion:  The geomagnet ic  

effects a s s o c i a t e d  w i t h  an ene rgy  d e n s i t y  modula t ion  of  t h e  s o l a r  

wind ( W i l l i s ,  1965) might  r e p r e s e n t  a possible mechanism fo r  p u l s a t -  

i n g  a u r o r a s .  Hydromagnetic waves w i l l  be g e n e r a t e d ,  and w i l l  

modify p a r t i c l e  p i t c h - a n g l e  d i s t r i b u t i o n s  and r e s u l t  i n  p e r i o d i c  
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p r e c i p i t a t i o n  (Watanabe, 1964; W i l l i s ,  1965) .  The process w i l l  

p roceed  most e f f e c t i v e l y  n e a r  t h e  e q u a t o r  where low-amplitude 

hydromagnet ic  v a r i a t i o n s  w i l l  r e s u l t  i n  t h e  most s i g n i f i c a n t  

v a r i a t i o n s .  

T y p i c a l  hydromagnet ic  wave periods i n  t h e  magnetosphere 

(60-1000 seconds )  a r e  t o o  long  t o  e x p l a i n  a u r o r a l  p u l s a t i o n s  

i n  t h e  .05 - 15 second r ange .  It is  possible t h a t  t h e  l o n g e r  

p e r i o d  e v e n t  o f  13  November, 1966 may be a t t r i b u t e d  t o  a hydro- 

magnet ic  modula t ion  mechanism; b o t h  p r o t o n s  and e l e c t r o n s  shou ld  

be modulated s i m i l a r l y ,  and s o  the  hydrogen e m i s s i o n  would be 

expec ted  t o  p u l s a t e  w i t h  t h e  e l e c t r o n - e x c i t e d  e m i s s i o n s .  I f  t h e  

modula t ion  is f a i r l y  w e l l  c o n f i n e d  t o  e q u a t o r i a l  r e g i o n s  and w e  

assume an e l e c t r o n  ene rgy  of 10 k e V ,  the  t i m e  d e l a y  of t h e  o r d e r  

of 30 seconds  would be expected between e l e c t r o n  and p r o t o n  p e a k s  

( for  a p r o t o n  ene rgy  of 10 keV) ,  or  1 0  sec fo r  a p r o t o n  ene rgy  

of 100 keV (Hamlin, 1961) .  The  p r e s e n t  measurements do  n o t  pre- 

c l u d e  t h e  p o s s i b i l i t y  of t i m e  l a g s  of t h e  order of 10-20 sec a s  

HP i n t e n s i t i e s  were o n l y  o b t a i n e d  a t  i n t e r v a l s  s e p a r a t e d  by  10 

and 2 0  seconds .  

(9) Geomaqnetic f l u x - t u b e  motions:  C l a d i s  (1967) h a s  

s u g g e s t e d  t h a t  t r a n s i e n t  motion of magne t i c  t u b e s  t h a t  a r e  suddenly  

h e a t e d  by  t h e  i n j e c t i o n  of high-energy plasma w i l l  r e s u l t  i n  

p e r i o d i c  e l e c t r o n  p r e c i p i t a t i o n .  C a l c u l a t e d  p e r i o d s  i n  t h e  plasma - 
s p h e r e  from L = 2 t o  abou t  L = 5 a r e  2 0  - 250 seconds ,  b u t  p e r i o d s  

as l o w  a s  a f e w  seconds  might  be a p p r o p r i a t e  fo r  t h e  much lower 

plasma d e n s i t i e s  i n  t h e  plasmapause (Carpen te r ,  1 9 6 6 ) ( a n d  f l u x  
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tubes connecting to the auroral zone pass through this low 

plasma-density region). However, this mechanism cannot explain 

pulsation periods of fractions of a second; nor have the pre- 

dicted north-south fluctuations of the pulsation region been 

observed. 

5 .  Conclusions 

None of the mechanisms discussed in section 4 satisfactorily 

explains the characteristics of pulsating auroras. These 

characteristics seem to demand separate mechanisms to explain 

pulsation periods less than about 15 seconds, and those greater 

than a few tens of seconds. Perhaps the presence or absence 

of the hydrogen pulsations may distinguish the 

mechanism involved in the uncertain 10-30 second-period ttcrossover 

region. " 

The only mechanisms suggested to explain the shorter period 

pulsations that are not at variance with measured characteristics 

are those involving instabilities in wave-particle interactions. 

However, this may not be true when the qualitative features of 

suggested instabilities are derived in the magnetospheric domain. 

The overstability described by Evans (1967) and Stix (1964) is 

believed to have been observed in the laboratory (Smullin and Getty,1962) 
but laboratory plasmas are collision dominated, and so laboratory 

phenomena may not simply scale up to the magnetospheric environment. 
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The longer-period pulsations may be explainable i n  terms of 

loss-cone modulation by hydromagnetic waves near the equator, 

though the source of the hydromagnetic waves has yet to be 

specified. 

Auroral pulsation events may be directly related to an 

auroral acceleration mechanism, and could manifest the dynamics 

of the disturbance growth and decay. Consequently, co-ordinated 

ground (optical and micropulsations), balloon (optical and x-ray) 

and rocket (particle) measurements during pulsation events may 

be an extremely valuable undertaking. 

t 
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FIGURE C A P T I O N S  

Fig 1. Meridinal scan showing the locations of the hydrogen 

emission zone, and subvisual auroral arcs, at the 

time of the pulsation event of 15 November, 1966. 

+ 
2 Fig 2. HP, k4709 N and A5577 01 measurements during a pulsat- 

ing aurora. See text [section 3(a)] for f u l l  discussion. 

Hf3 and 13914 N2 measurements during a pulsating aurora. 

See text [section 3(b)] for full discussion. 

Measurements at 13914 N2 , HP and Hf3 + 2 0 A  during a 

pulsating aurora. See text [section 3(c)] for full 

discussion. 

+ 
Fig 3 .  

+ 
Fig 4. 

Fig 5. Hf3 and 15577 01 measurements during a long-period pulsa- 

tion event. See text [section 3(d)] for full discussion. 
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